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VOLTAGE DIVIDER CALIBRATION 


In the last few years the measurement, calibration, 
and control fields have experienced an increasing need 
for more accurate resistive voltage dividers. Fortunately, 
improved materials for resistors, better construction 
methods, and more precise calibration techniques are all 
helping to satisfy this demand. As one of the pioneers 
in the use of these new materials, methods, and tech- 
niques, ESI is producing voltage dividers with linearity 
much better than 10 parts per million. A few years ago 
this accuracy was only obtainable by the use of complex 
techniques in primary standards laboratories. In the first 
issue of DESIGN IDEAS we will discuss the precise 
calibration techniques developed at ESI for measuring 
such extreme linearities. 

To make precision linearity measurements of a volt- 
age divider, we first calibrate a standard divider to find 
its deviation, then use this standard to adjust a transfer 
divider to less than 0.2 ppm deviation, and finally, com- 
pare the transfer divider to each decade of the produc- 
tion model. We could use the standard divider to cali- 
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brate the production divider directly, but the additional 
calculations that would be necessary, make it much more 
convenient to use the essentially perfect transfer divider. 


Calibration of a Standard Divider 


The standard divider that we are going to calibrate 
is a string of ten nominally equal resistors which will 
divide a voltage into ten nominally equal parts. The out- 
put of this divider can be set to integral multiples of a 
tenth of the input voltage. To calibrate this divider, we 
need to know the difference between the actual ratio of 
input to output voltages and the setting. This difference 
is called linearity deviation. 
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The usual way to calibrate a divider is to compare it 
with a more accurate divider. In this case, we can't com- 
pare it with a more accurate one because this divider is 
to be the standard of accuracy. Therefore, we need a 
different calibration technique. 

Since the voltage and resistance divide proportionate- 
ly, the linearity deviation can be found by a precision 
comparison of the resistors in the divider string. The 
linearity deviation equation can be written in terms of 
the resistors (see Figure 1). 
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Figure 1. Linearity deviation in terms of resistance. 


If all of the resistors in the string were equal, the 
voltage would divide equally and the unit would be 
linear. Our problem is to find how different our divider 
is from this ideal. To do this, each resistor, R,, of the 
string is compared to the standard resistor, R,. ‘To main- 
tain the ultimate in measurement accuracy, precise, four- 
terminal resistance comparisons are made (see Figure 2). 
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Figure 2a. Measuring a four terminal resistor. Circuit measures 
resistance between junctions shown. 
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Figure 2b. Measuring resistance between taps of a standard 
divider. é 


The two extra terminals for this purpose are located 
on either side of the taps of the standard divider. The 
resulting measurement is of the resistance between the 
tap junctions. This is the resistance which is responsible 
for the voltage division. The measurements are made 
with the ESI Model 242-R Kelvin Ratio Bridge (see 
Figure 3), which is capable of such comparisons to 
better than 1 ppm. 
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Figure 3. SESE Model 242 Kelvin Ratio Bridge. 


The measured resistance deviation A, is used to calcu- 
late the linearity deviation, 


R, = R, (I+A,) 


R, — resistance of the nth resistor in ohms 
R, — resistance of the standard resistor in ohms 
A, — per unit deviation of the unknown from the standard 


We substitute this new expression for R, in Fig. 1 to get 


RE (1+ An) : 
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The precise value of the standard resistor is unimpor- 
tant because it is cancelled out in the equation. Thus 
voltage division accuracy is dependent only on the rela- 
tive values of the resistors in the divider, and not on 
their absolute resistance value. | 

The linearity deviation equation is modified to sim- 
plify calculations. We define the average resistance de- 
viation, . 


Aw = 16 & An 


then the terms of the linearity deviation equation are 
rearranged to give, 
; _— E(An—Aav) 
Po Te ha 


Since the value of A ay is much less than one, it can be 
removed from the denominator without seriously affect- 
ing the accuracy of I. This results in the form which 
is used for the actual calibrations: 


Figure 4 is given to illustrate the method and the typical 
accuracy found. 
The steps involved are: | 
Step 1. Calculate the average deviation (A ,\) from 
the measured deviations (A,). 


Step: 2: Subtract the average from each deviation to 
get the difference from the average. 

Step 3. Sum these differences from the average and 
divide by 10 to get the linearity deviations 
at each tap. 
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Figure 4. Standard divider deviations. 
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Adjustment of a Transfer Divider 


Next the transfer divider is adjusted to a linearity 
deviation of less than 0.2 ppm by comparison to cor- 
responding settings of our calibrated standard divider. 
To assure the ultimate in accuracy, compensation must 
be made for the effects of lead resistances. (see Figure 5). 
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Figure 5. Adjusting the transfer divider. 


Voltage drops across the lead resistances to the di- 
viders will cause their outputs to be a little above zero 
at the zero setting, and.a little below the input at maxi- 
mum. By adjusting the end correcting potentiometers in 
the comparison circuit, we can make both dividers have 
the same output at the zero and maximum taps. When 
this is done, the comparison of the dividers will be in- 
dependent of the externa! connections. 

The transfer divider has adjustable potentiometers at 
all settings ftrom 0.1 through 0.9. At corresponding set- 
tings of the divider these potentiometers are adjusted 
until the linearity deviation that we calculated for the 
standard divider is read on a high impedance calibrated 
microvoltmeter. This procedure theoretically reduces 
the. linearity deviation of the transfer divider to zero. 
Careful consideration of the known possible sources of 
error and cross-checking with other calibration methods 
confirm that a recently calibrated transfer divider will 
have a linearity deviation of less than 0.2 ppm. 


lelsi 1 


Precision Calibration of a 
Production Divider 


We will use the transfer divider to calibrate an ESI model 
RV-622 DEKAVIDER® decade voltage divider. The specified 
linearity of the Dekavider is 10 ppm, but to leave an ample safety 
factor for age and temperature effects, final inspection tolerances 
of all ESI dividers are typically better than twice as good as their 
published specifications. The better than 0.2.ppm accuracy of the 
transfer divider permits us to verify these values with confidence. 


Before we proceed with the calibration, we need to know a 
little about the Kelvin Varley circuit of the DEKAVIDER. 
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Figure 6. Kelvin Varley divider circuit. 


In Figure 6 we see that the switch for each decade actually 
positions an interpolating divider to cover a chosen one-tenth of 


the range of the decade. The one exception is the last decade, 


which has no interpolating divider between. its steps. The dials 
of each decade except the last can be set to ten positions, 0 through 
9. The last dial can be set to an additional position, TEN. With 
this additional position the output can be set-equal to the input 
by placing the dials at 0.999,99 TEN. 


The linearity deviation of a Kelvin Varley divider can be 
measured in steps. First the contribution of the lead and contact 
resistance is measured. This resistance will cause the output of 
the DEKAVIDER to be a little above zero at zero setting and a 
little below input at maximum. These small linearity deviations, 
about 0.3 ppm for a 10 K divider, are measured with a micro- 
voltmeter between the common and output taps of the DEKA- 
VIDER with the dial set at 0.000,000, and between the input and 
output taps with a setting of 0.999,99 TEN. For a ten kilohm 
divider ten volts is supplied so that the meter will read 10 
microvolts per ppm. Next we measure the linearity deviation of 
the first decade. To do this, we first eliminate the end deviations 
just measured, so that they will not enter our data twice. This is 
accomplished by adjusting end correcting potentiometers as was 
done in adjusting the transfer divider. The settings of the first 
decade are then checked with the other dials, first at zero, then 
at maximum (for instance, 0.200,000 and 0.299,99 TEN). Next, 
the supply voltage and transfer divider are connected across the 
second decade (Figure 7). The end correcting potentiometers are 
again adjusted for 
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Figure 7. Connection for calibration of individual RV-622 
decades. 


RV-622 DEKAVIDER® DECADE VOLTAGE DIVIDER 
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agreement at zero and full scale. Each position of this decade is 
then checked with the last four dials at both 0,000 and 9,99 TEN. 
The same measurement procedure 1s followed for each decade. 
Since the second decade covers only.one-tenth of the total divider 
input, the linearity deviation measurements made on it by this 
technique must be divided by ten to determine their effect on the 
linearity deviation of the RV-622. The third decade measurements 
must be divided by 100, and so on. Typical resulting values are 
shown in Figure 8. 
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to maximum. For example 0.4X for the second decade indicates a dial 
setting of 0.049,99TEN. 


Figure 8. Linearity deviation measurements of a Model RV-622 
DEKAVIDER® decade voltage divider. 


To determine the accuracy of a particular setting from the 
data of Figure 8, we can interpolate between the recorded values. 
An exemple is shown in Figure 9. 


D — decade for which calculation is being made 


C= At (BA) (S—M) S — setting of decade D and decades following 
M — 


(N—M) setting of decade D with following decades at zero 
N— setting of decade D with following decades at 99°¢* TEN 
A — linearity deviation at M 
B — linearity deviation at N 
C — linearity deviation at S (calculated) 
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Data taken from FIGURE (0 for a DEKAVIDER™ setting of 0.543,212 


Figure 9. Calculating the linearity deviation at a sample set- 
ting of 0.543,212. 


The contributions of the last three decades can be ignored 
because they are less than the uncertainty of the measurements of 
the first decade. For this reason, detailed data from only the first 
three decades is recorded on the calibration certificate supplied 
with the RV-622. This certificate also contains the values of the 
end linearity deviations, and the maximum linearity deviations of 
each of the last three decades. 


Using the Calibration Certificate 


The data from the calibration certificate can be numerically interpolated 
as in Figure 9 or graphically as in Figure 10 (data from Figure 8). The 
same sample setting that was used in Figure 9 is shown as an example. 
The contributions from the lead and contact resistances, and from each 
of the first three decades are added to give the linearity deviation at the 
sample setting. 
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Figure 10. Graphical interpolation of data from calibration 
certificate. 


Power Coefficient 


For best calibration accuracy, all of our measurements have been 
made with low. power input. What effect will enough input power to 
produce appreciable resistance heating have on the reliability of our data? 
All RV-622 dividers are checked twice—once with an input of about 
20 milliwatts, and again with maximum rated input power of 5 watts. 
A dissipation of five watts raises the temperature of nine of the first 
decade resistors by 12°C. The other one-tenth of the input resistance 
changes only about 3°C because of the Kelvin Varley circuit used. Be- 
cause of this temperature difference, it is not enough to match the tem- 
perature coefficients —the coefficients must be very low. ESI has pioneered 
the use of a special alloy wire for making resistors. By selecting the 
temperature coefficient of the wire and using special winding techniques, 
an almost zero temperature coefficient is maintained over a wide tempera- 
ture range. The results of using such resistors in ten 10 Kilohm RV-622 
DEKAVIDER® decade voltage dividers with 0.2 and 5.0 watt inputs are 
shown in Figure 11. 
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Figure 11. Linearity deviation of ten 10 K RV-622 DEKAVIDER® 
decade voltage dividers. 


The average values of the linearity deviation were calculated for the 
0.H00,000 and 0.H99,99 TEN settings of the first decade. The effects of 
the second and all following decades are so small that they can be neg- 
lected without materially changing the result. These curves demonstrate 
that the techniques employed by ESI consistently produce voltage di- 
viders substantially better than specified tolerances. Such conservative 
ratings are your guarantee of measurement accuracy under prolonged use. 
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